Introduction
The phenothiazine (PTZ) tricyclic ring system is incorporated into a number of drugs that cover a broad spectrum of pathologies. Members of this family display a wide range of biological activities and are commonly used as antipsychotic, tranquilizing or antihistaminic agents. 1, 2, 3, 4 Due to the fact that PTZ is an active chromophore, the photochemical behavior of PTZ-containing drugs has attracted considerable attention, in connection with the possible photosensitizing side-effects experienced by treated patients. 5, 6, 7 In this context, it has been described that the key photophysical parameters of PTZs can be influenced by factors such as the substitution at positions 1 and 2, the nature of the solvent or the excitation energy. 8, 9, 10 Transport proteins present in blood and plasma bind and carry a vast array of pharmaceuticals and consequently are important modulators of pharmacokinetics and disposition. The most abundant are serum albumins (SAs) and  1 -acid glycoproteins (AAGs). 11, 12 The interaction of several PTZ neuroleptics with AAGs has been investigated using circular dichroism and equilibrium dialysis techniques. In the case of human AAG (HAAG) it has been concluded that PTZ derivatives bind preferentially to only one common binding site, where hydrophobic forces are mainly involved, although electrostatic interactions also participate. 13, 14, 15 The affinity of PTZs for HAAG has been employed for the development of glycoprotein-based stationary phases for the resolution of enantiomers by HPLC. 16, 17, 18 Effective inclusion of PTZs within other biomimetic systems, such as -or -cyclodextrins (CDXs) or sodium dodecyl sulfate (SDS) micelles has also been observed. 19, 20, 21 With CDXs, PTZs inclusion complexes with different stoichiometries are formed. Moreover, encapsulation within -CDX protects human erythrocytes from photohemolysis induced by a number of PTZs. 22 Enantioseparations of chiral PTZs using various CDXs as chiral selectors has been exploited for the development of analytical applications. 23 Inclusion of PTZs within sodium dodecyl sulfate (SDS) micelles has been investigated using both absorption and fluorescence spectroscopies, looking at the influence of the PTZs protonation state on the interaction and at the competition between photoionization and triplet excited state formation.
Cyamemazine (CMZ, 2-cyano-10-(3-dimethylamino-2-methylpropyl)phenothiazine, Chart 1) is a PTZ derivative, employed as neuroleptic drug, which exhibits strong cutaneous phototoxicity in humans. 24 The drug is readily photooxidized upon UVA irradiation to 2-cyano-10-(3-dimethylamino-2-methylpropyl)phenothiazine N,S-dioxide 
Results and Discussion
The two enantiomers ()-and (+)-CMZ were isolated from the commercial racemic drug, using chromatographic (HPLC) resolution with a chiral stationary phase ( Figure   S1 ). As expected, the absorption spectra of both compounds in PBS were identical, and displayed an intense band with maximum at 270 nm and a tail reaching 400 nm ( Figure   S2 ). Excitation was performed at this longer-wavelength tail, to avoid interferences due to light absorption by the host. (Table 1) . A similar behavior was observed in the presence of the bovine protein BAAG ( Figure 1B ). This indicated efficient encapsulation of CMZ within both AAGs. Accordingly, the fluorescence lifetimes ( F ) were higher for CMZ@AAG complexes than for CMZ in the bulk solution (Table 1 ). As alternative anisotropic media, cyclodextrins (-CDX and -CDX) and anionic micelles (SDS) were selected to investigate the emission behavior of encapsulated CMZ. In general, as mentioned above for AAGs, inclusion of (-CMZ within these biomimetic michroheterogeneous systems was associated with a significant blue-shift in the emission maxima and a marked enhancement of the fluorescence intensities ( Figures   1C, D and S3) . A parallel increase in the values of the related photophysical parameters ( F ,  F ) was observed (Table 1) . Figure S6 of the SI.
The progress of the reaction at different irradiation times is represented in Figure   3 . In all the microheterogeous media the process was much slower than in aqueous solution, with the lowest conversion in SDS. ) were observed. In the 400-550 nm region, the spectra of both species overlap.
Remarkably, upon addition of sufficient HAAG or BAAG, the contribution of CMZ +• became nearly negligible in the 250-350 region, where 3 CMZ* dominated the spectra ( Figure 4A ). In aerated atmosphere the intraprotein triplet lifetimes were considerably longer than in solution ( Figure 4B ). This effect was also observed in CDXs, although to a much lower extent. Figure S7 of the SI.
To investigate the protection provided by the different microenvironments, the triplet lifetimes were determined in the presence of increasing concentrations of oxygen.
In all microheterogeneous systems, quenching by oxygen was slower than in homogeneous solution (k q = 4.0  10 9 M -1 s -1 ); the effect was more remarkable inside glycoproteins (k q = 9.0  10 7 M -1 s -1 ) than within CDXs (k q = 1.9-2.3  10 9 M -1 s -1 ). 
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However, the fact that the highest protection from photooxidation to CMZ-SONO was achieved inside SDS micelles (see above), where triplet quenching by oxygen was only slightly retarded (k q = 3.1  10 9 M -1 s -1 ) does not support a reaction pathway involving 3 CMZ* as the key intermediate. This is in good agreement with the assumption that CMZ-SONO arises from trapping of CMZ +• by oxygen. 25 As a matter of fact, photoionization does occur in PBS solution (see above), whereas it is nearly negligible in SDS and AAGs.
Conclusions
The photooxidation of cyamemazine occurs through photoionization and subsequent trapping of the resulting radical cation by oxygen, eventually leading to the corresponding sulfoxide. This reaction is extremely sensitive to the medium and constitutes an appropriate probe for localization of the drug within a variety of microenvironments. The encapsulation process can be followed by fluorescence spectroscopy, through a clear hypsochromic shift, together with significantly enhanced quantum yields and lifetimes. Laser flash photolysis also reveals diagnostically important changes associated with encapsulation, specifically more selective generation of the triplet excited state, which turns out to be much longer-lived. Interestingly, as anticipated from the lipophilic nature of the employed microenvironments, photoionization to afford the radical cation is disfavored. Upon steady-state irradiation, formation of the sulfoxide can be easily monitored by fluorescence spectroscopy, by the progressive appearance of a characteristic emission band at shorter wavelengths. A good correlation is observed between the photophysical properties and the photochemical reactivity. Thus, the slowest photooxidation rate corresponds to cyamemazine in SDS micelles and  1 -acid glycloproteins, where the drug is located in a more hydrophobic domain, hardly accessible from the aqueous medium, and photoionization is nearly negligible.
